Vortex is ubiquitous in nature. However, there is not a consensus on the vortex definition in fluid dynamics. Lack of mathematical definition has caused considerable confusions in visualizing and understanding the coherent vortical structures in turbulence. According to previous study, it is realized that vortex is not the vorticity tube and vorticity should be decomposed into a rotational part which is the vortex vector and a non-rotational part which is the shear. In this paper, several new concepts such as fluid rotation of local point, the direction of fluid rotation axis 
I. INTRODUCTION
Vortex is a special existence form of the fluid motion featured as rotation of fluid elements and is ubiquitous in the nature. Vortex can be observed in many organized flow structures ranged from hurricanes to tornadoes, from airplane trailing vortices to swirling flows in turbines, and from vortex rings at the exit of a pipe to coherent structures in turbulent boundary layer flow. Although intuitively a vortex can be easily recognized, it is surprisingly difficult to give an unambiguous definition for vortex 1 . As early as in 1858, Helmholtz proposed the concepts of vortex lines and vortex filaments to investigate the simplest vortex motion. 2 However, so far the problem of the mathematical definition of vortex still remains an open issue in fluid dynamics. 1 The lack of a consensus on the vortex definition has caused considerable confusions in visualizing and understanding the vortical structures, their evolution, and the interaction in complex vortical flows, especially in turbulence.
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As one of important physical quantities in the fluid dynamics, vorticity is mathematically defined as the curl of velocity vector filed, but has no very clear physical meaning. In classic vorticity dynamics, vorticity is always interpreted as twice the angular velocity of the instantaneous principal axes of the strain-rate tensor of a fluid element. If ∇ × � �⃗ = 0 at every point in a flow, the flow is called irrotational otherwise called rotational, which implies that the fluid elements have a finite angular velocity. to lack an impartial way to determine which criterion is best. However, though it is hard to judge which method is superior over others, it can be found that all these criterions are described by scalar variable but are not able to give the direction and the exact strength of a vortex which has both direction and strength. Therefore, a precise mathematical definition for vortex is still an open question.
Since the intuitive observation of vortex shows that the vortex has a rotational axis, a natural idea for developing the possible criterion of vortex definition is to find a vector from the decomposition of velocity gradient tensor. As a vector, the vorticity, which is the curl of velocity, is the most straightforward way to be used for the purpose of identifying vortex, but as mentioned above, it cannot distinguish a vortical region from a shear layer, Blasius solution for example. In order to remove shear from the velocity gradient tensor, Kolář 21 proposed a triple decomposition method from which a residual vorticity can be found to represent the pure rigid-body rotation of fluid element. However, the triple decomposition is not unique and a basic reference frame has to be used to solve this problem. Searching for the Euler angles that define the basic reference frame is an expensive optimization problem. In Ref. As a rigorous mathematical definition with direction and magnitude, the newly defined vortex vector and vortex can be used to quantitatively investigate the physics of the generation and sustenance of vertical structures in turbulence. In the further work, we will study the transport equation for vortex vector and investigate the mechanics of the vortex generation and evolution in turbulence.
